The increased health risks associated with obesity have been found to occur in Asians at lower body mass indices (BMIs). To determine the optimal cut-off values for overweight or obesity in Taiwan, we examined the relationships between four anthropometric indices and cardiovascular risk factors. METHODS: The data were collected from four health-screening centers from 1998 to 2000 in Taiwan. Included were 55 563 subjects (26 359 men and 29 204 women, mean age ¼ 37.3 AE 10.9 and 37.0 AE 11.1 y, respectively). None had known major systemic diseases or were taking medication. Individual body weight, height, waist circumference (WC), and a series of tests related to cardiovascular risk (blood pressure, fasting plasma glucose, triglycerides, total cholesterol, low-and high-density lipoprotein cholesterol) were assessed and their relationships were examined. Receiver operating characteristic (ROC) analysis was used to find out the optimal cut-off values of various anthropometric indices to predict hypertension, diabetes mellitus and dyslipidemia. RESULTS: Of the four anthropometric indices we studied, waist-to-height ratio (WHtR) in women was found to have the largest areas under the ROC curve (women ¼ 0.755, 95% CI 0.748 -0.763) relative to at least one risk factor (ie hypertension or diabetes or dyslipidemia). The optimal cut-off values for overweight or obesity from our study in men and women showed that BMIs of 23.6 and 22.1 kg=m 2 , WCs of 80.5 and 71.5 cm, waist-to-hip ratios (WHpR) of 0.85 and 0.76, and WHtR of 0.48 and 0.45, respectively, may be more appropriate in Taiwan. CONCLUSIONS: WHtR may be a better indicator for screening overweight-or obesity-related CVD risk factors than the other three indexes (BMI, WC and WHpR) in Taiwan. Our study also supported the hypothesis that the cut-off values using BMI and WC to define obesity should be much lower in Taiwan than in Western countries.
Introduction
The prevalence of obesity and its related medical consequences are increasing in many countries. 1 -3 Obesity has now become a major global problem. Obesity has been found to increase the risk of morbidities and mortalities, including cardiovascular disease (CVD), diabetes, gallbladder disease, respiratory disease, cancer, arthritis and gout. 4 -8 For example, CVD mortality is about three-fold higher among obese men and women, and about 21 and 28% of CVD mortality in men and women, respectively, could be attributed to being overweight. 7, 8 Central distribution of body fat, which suggests excessive deposition of intra-abdominal fat, is also found to be one of the important predictors of CVD risk. 9 -11 Obesity is defined as a condition where there is an excess of body fat. Of the ways to measure total body fat and its distributions, 12 -15 anthropometric measurements still play an important role in clinical practice. Body mass index (BMI) is often used to reflect total body fat amount, while waist circumference (WC), waist-to-hip ratio (WHpR) or waist-toheight ratio (WHtR) is used as a surrogate of body fat centralization. 16 -19 These measurements have been shown to be associated with CVD risk factors such as hypertension, dyslipidemia, diabetes, etc in all ethnic groups studied. 20 -23 The best index of obesity that is predictive for CVD risk, however, still remains controversial.
Most studies examining the risk of adverse health associated with obesity have been based on data from Europe or the United States. Little data is available from the Asia-Pacific region. It has been demonstrated that the increased risks associated with obesity occur at lower BMIs in Asians, and that these populations are predisposed to visceral or abdominal obesity. 24 -26 Therefore, WHO proposes lower BMI values to define overweight and obesity in people living in the AsiaPacific region. 27 In this study, we examined four anthropometric indices (BMI, WC, WHpR and WHtR) and three CVD risk factors (hypertension, diabetes mellitus and dyslipidemia) and used receiver operating characteric (ROC) analysis to find the optimal cut-off values of these anthropometric indices for overweight or obesity in Taiwan.
Subjects and methods
From 1998 to 2000 in Taiwan, the data was collected from four nationwide health-screening centers. Our study included 55 563 'healthy' subjects (26 359 men and 29 204 women, mean age ¼ 37.3 AE 10.9 and 37.0 AE 11.1 y, respectively), without any previous systemic diseases or medications related to body weight change or affecting blood pressure, glucose and lipid levels (such as DM, HTN, dyslipidemia or thyroid diseases and their related medications), from a total of 225 513 persons screened. In addition, people whose body weight had changed by more than 5% within 3 months were also excluded. The population structure in our study was similar to national data on adults published by our government. 24 The anthropometric and metabolic variables of the study population and the prevalence of newly diagnosed CVD risk factors are shown in Table 1 . Trained staff measured height, waist and hip circumference (measured to nearest 0.1 cm) and weight (measured to the nearest 0.1 kg). Waist circumference was taken midway between the inferior margin of the last rib and the crest of the ilium in a horizontal plane. Hip circumference was taken as the distance around the pelvis at the point of maximal protrusion of the buttocks. BMI was calculated as weight (kg) divided by height squared (m 2 ). WHpR and WHtR were also calculated. The same staff measured blood pressure (BP) in the right arm using an appropriately sized cuff and a standard mercury sphygmomanometer. The systolic BP was determined by the onset of the 'tapping' Korotkoff sounds (K1). The fifth Korotkoff sound (K5), or the disappearance of Korotkoff sounds, was used to define diastolic BP. A venous blood sample was taken after a 12 h fast for measuring plasma glucose, triglycerides, total cholesterol, low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol. These assays were performed on a HITACHI 7150. Hypertension was defined as a systolic BP ! 140 mmHg and=or diastolic BP ! 90 mmHg. Type 2 diabetes mellitus was defined as fasting plasma glucose ! 7.0 mmol. Dyslipidemia was defined as plasma total cholesterol ! 6.21 mmol and=or fasting triglycerides ! 2.26 mmol and=or LDL cholesterol ! 4.14 mmol and=or HDL-cholesterol < 0.91 mmol and=or total cholesterol=HDL-cholesterol ratio ! 5. Those in the 'risk' group had at least one CVD risk factor (defined as hypertension, diabetes and=or dyslipidemia) assigned to them. This study was approved by the Ethics Committee of National Taiwan University Hospital and MJ Health Screening Center.
Statistical analysis
Results are presented as the mean AE s.d., or as a percentage, where appropriate. BMI, WC, WHpR and WHtR were used to predict the prevalence of hypertension, diabetes and dyslipidemia. We used the receiver operating characteristic (ROC) analysis 28 -31 to compare their predictive validity, and to find out their optimal cut-off values. ROC curves were plotted using measures of sensitivity and specificity based on various anthropometric cut-off values. The ROC curves demonstrated the overall discriminatory power of a diagnostic test 32 The area under the curve (AUC) is a measure of the diagnostic power of a test. A perfect test will have an AUC of 1.0 and an AUC ¼ 0.5 means the test performs no better than chance. Sensitivity and specificity of the anthropometric measurements have been calculated at all possible cut-off points to find the optimal cut-off value. The optimal sensitivity and specificity were the values yielding maximum sums from the ROC curves. Odds ratios were calculated as the ratios of having 'at least one CVD risk factor' prevalence relative to the one in the lowest BMI ( < 18.5 kg=m 2 ) or WC ( < 65 cm) in each gender. The relationships between BMI and WC vs odds ratio of having at least one CVD risk factor were assessed. Statistical analysis was performed using SPSS 10.0 for Windows on an IBM PC compatible computer.
Results
The areas under the ROC curves (AUCs) of various anthropometric indices and CVD risk factors are summarized in Table 2 . AUCs of various anthropometric indices and the groups with at least one CVD risk factor were obtained for BMI -0.690 in men, 0.721 in women; WC -0.694 in men, 0.736 in women; WHpR -0.680 in men, 0.723 in women; and WHtR -0.702 in men, 0.755 in women. It seems that AUCs of 0.6 -0.7 are considered poor and 0.7 -0.8 are fair. Interestingly, AUCs were found to be always bigger for women. The cut-off values of various anthropometric indices found optimally to predict hypertension, diabetes mellitus, dyslipidemia or at least one CVD risk factor using the ROC analysis in both sexes are summarized in Tables 3 and 4 . The sensitivity and specificity using overweight and obesity criteria proposed for the Asia-Pacific region 27 and obesity cutoff values by WHO 33 are also shown. The optimal BMI cut-off values for predicting hypertension, diabetes, dyslipidemia or at least one CVD risk factor varied from 23.6 to 24.5 kg=m 2 in men and 21.9 to 23.4 kg=m 2 in women. The optimal WC cutoff values varied from 80.5 to 84.5 cm in men and from 70.5 to 74.5 cm in women. The optimal WHpR cut-off values varied from 0.85 to 0.88 in men and from 0.76 to 0.79 in women. The optimal WHtR cut-off values varied from 0.48 to 0.50 in men and from 0.45 to 0.48 in women. In Figs 1  and 2 , the increasing risk of having at one CVD risk factor was found to be associated with increasing BMI and WC in both genders.
Discussion
Most studies regarding the health risk of obesity are available from Europe or the United States. Increased risks related to obesity at lower BMIs have been found in Asians. 24, 25 In addition, Asians are also predisposed to visceral or abdominal obesity. 26 Therefore, WHO recently proposed lower BMI values to define overweight and obesity in people of the AsiaPacific region. 27 However, the cut-off values of overweight and obesity in people of these regions were only based on data from a few reports, predicated on either small-scale or cross-sectional studies. Our data was derived from a larger sample size, and the population structure in our study was similar to national data of the adults published by our government. More prospective or longitudinal epidemiological studies, however, are needed to determine the relative risk of developing these co-morbidities with obesity in the Asia-Pacific region. 95% CI, 95% confidence interval; HTN, hypertension; DM, diabetes mellitus; TG, fasting triglycerides ! 2.26 mmol=l; TCHO, plasma total cholesterol ! 6.21 mmol=l; LDL, LDL-cholesterol ! 4.14 mmol=l; HDL, HDL-cholesterol < 0.91 mmol=l; TCHO=HDL, total cholesterol=HDL-cholesterol ratio ! 5; dyslipidemia, TCHO or LDL or HDL or TCHO=HDL; risk, at least one CVD risk factor (hypertension or diabetes or dyslipidemia).
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The four anthropometric indices (BMI, WC, WHpR and WHtR) have all been noted to be associated with several CVD risk factors. 16 -22,34 -35 In Hong Kong Chinese, Ko et al.
36
found that WHpR and WHtR were the main predictors for diabetes and hypertension, and all these four indexes were useful tools for detecting people with dyslipidemia. Nevertheless, some studies showed that WC was a better predictor of CVD risk factors. 18, 34, 37, 38 Of the four anthropometric indices we studied, WHtR in women was found to have the largest areas under the ROC curve (women ¼ 0.755, 95% CI 0.748 -0.763) in relation to at least one CVD risk factor (ie hypertension or diabetes or dyslipidemia; Table 2 ). Our results suggested that WHtR was a better predictor of CVD risk factors, which was similar to other studies. 20 -22,34,36 Among the four anthropometric indices, BMI is closely related to the total amount of body fat 16, 17 and now used to define the criteria of overweight or obesity. Both obesityrelated morbidity and mortality risk have been shown to increase with increasing BMI in population study. 39, 40 In our study, we also found that the increasing risk with at least one CVD risk factor was associated with increasing BMI in both genders (Figure 1 for women, respectively, were also much lower than the Caucasians' (Table 1) . Furthermore, if we used the cut-off values of BMI equal to 30 kg=m 2 for obesity, 8 -22 .5% of Caucasians but only 0.5 -8.8% of Asians would be considered obese. 2, 27, 42 Our study showed that only 2% of the Taiwanese adults (Table 1) would be defined to be obese and only less than 6% of them (Tables 3 and 4) would be screened out for one CVD risk factor if we used the cut-off Anthropometric indices and CVD risk factors W-Y Lin et al value of BMI equal to 30 kg=m 2 for obesity. In addition, the optimal cut-off values of BMIs for overweight or obesity from our study were found to be 23.6 kg=m 2 in men and 22.1 kg=m 2 in women, values which were similar in men but different in women to those of Ko et al. 36 As mentioned previously, Asians with lower BMIs have been found to be at increased risk for obesity. 24, 25 Taken together, our study supported the conclusion that cut-off values using BMI to define obesity should be much lower in Taiwan than in Western countries. The increasing risk of having at one CVD risk factor was also found to be associated with increasing WC in both sexes (Figure 2) . Similarly, optimal cut-off values using WC were 80.5 cm in men and 71.5 cm in women in our study. These values were apparently lower than the values for Caucasians (102 cm for men and 88 cm for women) 33 and for Asians (90 cm for men and 80 cm for women) 27 that have been previously recommended. In summary, further studies are needed to find out the appropriate cut-off values for overweight and obesity in the Asia-Pacific region.
Conclusions
Obesity is defined as an excess of body fat, but at what point does fat become excessive? In this report we have defined overweight or obesity as the level of various anthropometric indices associated with abnormal values of obesity-related CVD risk factors. It should be noted that the risk factors themselves are based on arbitrary cut-offs and do not necessarily indicate a clinical condition; everything could change if they were redefined. Thus the recommended cut-off values indicate levels of the anthropometric indices above which people are screened for CVD risk. The optimal cut-off values in our study suggested that BMIs of 23.6 kg=m 2 in men and 22.1 kg=m 2 in women, WCs of 80.5 cm in men and 71.5 cm in women, WHpRs of 0.85 in men and 0.76 in women, and a 
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WHtR of 0.48 in men and 0.45 in women may be more appropriate for defining adult overweight or obesity in Taiwan. WHtR, especially for women, may be a better indicator for predicting obesity-related CVD risk factors than the other three indexes. Our study suggested that the cut-off values using BMI and WC to define obesity should be much lower in Taiwan than in Western countries. Figure 1 The relationship between body mass index (BMI) and the odds ratio of having at one CVD risk factor in both sexes (M, men; F, women). The increasing risk with at least one CVD risk factor was found to be associated with increasing BMI. Figure 2 The relationship between waist circumference (WC) and the odds ratio of having at least one CVD risk factor in both sexes (M, men; F, women). The increasing risk with at least one CVD risk factor was found to be associated with increasing WC.
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